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1
$G$ Lie , $\mathfrak{g}$ Lie , $\Lambda 1$ $G$
. $\Omega(\Lambda\prime I)$ $M$ , Cartan
$((S\mathfrak{g}^{*}\otimes\Omega(\Lambda I))_{inv}, d_{\mathfrak{g}})$ . Goresky-Kottwitz-
MacPherson [2] Cartan ’: ” ( $(S\dot{\mathfrak{g}}^{*})_{ir\downarrow V}\otimes\Omega(\Lambda I)_{j\gamma\iota v}$ , dg)
. Maszczvk-Weber [5] ,
Alekseev-Meinrenken [1] . Koszul
\langle $Goresky- Kottwit^{r}\nearrow 4$-MacPherson Alekseev-Meinrenken
. Lef\‘evre Koszul
, Goresky-Kottwitz-AVfacPherson .
$\tilde{d}_{\mathfrak{g}}$ Cartan derivation .
Alekseev-Meinrenken $\ovalbox{\tt\small REJECT}$ , derivation
. . $\overline{d}_{\mathfrak{g}},$





$0$ $F$ leductive Lie .
2.1. g $\mathcal{M}$ $d^{At}’$.
1540 2007 152-162 152
$L_{1}^{JA}.\iota^{\_{A}}$ : $\mathfrak{g}arrow End(\mathcal{M})$ ,
, :
$-\xi\in \mathfrak{g}$ $L^{\lambda 4}(\xi),$ $\ell’\mathcal{M}(\xi)$ $0,$ $-1$ ,
$-[d^{\lambda 4}$ $.\iota^{\mathcal{M}}(\xi)]=L^{\mathcal{M}}(\xi)$ ,
$-[L^{\mathcal{M}}(\xi),$ $\iota^{\text{ }\mathcal{M}}(\xi’)]=\iota^{\mathcal{M}}([\xi,$ $\xi’]_{9})$ ,
$-[\iota^{\mathcal{M}}(\xi), \iota^{\mathcal{M}}(\xi’)]=0$ .
22. $\mathcal{M}$ $g$- :
$\mathcal{M}_{i\backslash Y\iota^{r}}$ $:=\cap kerL^{\mathcal{M}}(\xi)$ ,
$\xi\in \mathfrak{g}$
$\mathcal{M}_{I_{l()}\tau}.$
$:= \bigcap_{\xi\in \mathfrak{g}}ker\iota^{\lambda 4}(\xi)$
,
$\mathcal{M}_{basi\iota}.$ $:=\mathcal{M}_{inv}\cap \mathcal{M}_{hor}$ .
$\mathfrak{g}$ $\{e_{a}\}$ , $\{e^{a}\}$ .
$y^{a}$ $:=e^{c\iota}\in\wedge^{1}\mathfrak{g}^{*}$ $v^{a}$ $:=e^{a}\in S^{1}\mathfrak{g}^{*}$
. $\iota 9^{Y}\mathfrak{g}^{*}$
$(S\mathfrak{g}^{*})^{2i}$ $:=S^{i}\mathfrak{g}^{*}$ , $(S\mathfrak{g}^{*})^{2i+1}$ $:=0$ $(i\geq 0)$
.
23. $\mathcal{M}$ $\mathfrak{g}$-
$C_{\mathfrak{g}}(\mathcal{M})$ $:=(S\mathfrak{g}^{*}\otimes \mathcal{M})_{i_{It}v}$ , $d_{\mathfrak{g}}$
$:=1 \otimes d^{\mathcal{M}}-\sum_{a}v^{a}\otimes\iota^{\mathcal{M}}(e_{a})$
Cartan , $\mathcal{M}$ ( Cartan
)
$(\wedge \mathfrak{g})_{inv},$ $(\wedge g^{*})_{inv}$ primitiVe $\mathcal{P}$ ,
$\mathcal{P}^{*}$ . $\mathcal{P}^{*}$ $\mathcal{P}$ , $\{c_{j}\}$ $\mathcal{P}$ , $\{c^{j}\}$
.
$(Chevalleys)$ transgression theorem $c^{j}$ $p^{j}\in(S\mathfrak{g}^{*})_{inv}$
.
$l:\mathfrak{g}arrow End(\mathcal{M})$
’., : $\wedge \mathfrak{g}arrow End(\mathcal{M})$
.
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24. $\mathcal{M}$ g ,




Goresky-Kottwitz-MacPherson [2] $C_{\mathfrak{g}}\ovalbox{\tt\small REJECT}(\mathcal{M})$ $\tilde{C}_{\mathfrak{g}}(\mathcal{M})$ .
Cart an .
2.2 Koszul
$Mod^{+}(Sg^{*})_{inv}$ DG(Differential $\underline{G}raded\rangle$ $(SV)_{inv}$-
, $D(Mod^{+}(S\mathfrak{g}^{c})_{inv})$ .
$Mod^{+}(\wedge \mathfrak{g})_{inv},$ $D(Mod^{+}(\wedge \mathfrak{g})_{inv})$ ,
$h:D(Mod^{+}(S\mathfrak{g}^{*})_{inv})arrow D(M\circ d^{+}(\wedge \mathfrak{g})_{inv})$ , $X\mapsto X\otimes(\wedge g^{*})_{inv}$ ,
$t:D(Mod^{+}(\wedge \mathfrak{g})_{inv})arrow D(Mod^{+}(Sg^{*})_{inv})$ , $Yrightarrow(S\mathfrak{g}^{*})_{inv}\otimes Y$
, , Koszul
$D(Mod^{+}(Sg^{*})_{in\backslash \prime})\simeq D(Mod^{+}(\wedge g)_{i\mathfrak{n}\backslash \prime})$ (1)
.
$\mathfrak{g}$- $\mathcal{A}$ , $\mathfrak{g}$- ,
$d^{A},$ $L^{A}(\xi),$ $\iota(\xi)^{A}$ $A$ derivation .
Weil $W\mathfrak{g}:=Sg^{*}\otimes\wedge g^{*}$ .
- $\mathcal{A}$- $g$- $\mathcal{N}$ , $A$- ,
$A\otimes \mathcal{N}arrow \mathcal{N}$ .
[2] Goresky-Kottwitz-MacPherson .
“ ”. $g$ reductive Lie , $\mathcal{N}$ - $W\mathfrak{g}$- ,
$Mod^{+}(\wedge \mathfrak{g})_{inv}$ Chevalley-Koszul $(\mathcal{N}_{ba\tilde{s}ic}\otimes(\wedge \mathfrak{g}^{*})_{inv}’.d^{\mathcal{N}}S$
$1+ \sum_{j}\dot{\psi}\otimes\iota^{A}(c_{j}))$ $(N_{inv}, d^{V})$ .
Koszul , $Mod^{+}(S\mathfrak{g}^{*})_{inv}$










. $\sim$ $W\mathfrak{g}$ acyclic , $\sim$
(1) .
, $C_{\mathfrak{g}}(\mathcal{M})$ $\tilde{C}_{g}(\mathcal{M})$
, [2] “ ” , $\backslash _{\Delta}$Iaszczyk-Weber [5]





$(\wedge g)^{-i}$ $:=\wedge^{i}g$ , $(\wedge 9)^{i}$ $:=0$ $(i\geq 0)$
, Alekseev-Meinrenken
$\partial f+\frac{1}{2}[f, f\cdot]_{\wedge \mathfrak{g}}+\sum_{ll}c^{a}\otimes e_{a}=\sum_{j}\prime l^{j_{\vee}\triangleleft(:_{j}}’$. (2)
$0$ $f\in(Sg^{*}\otimes(\wedge 9)^{-})_{i_{IlV}}$ ,
. $(\wedge \mathfrak{g})^{-}$ $:=\oplus_{i>0}(\wedge \mathfrak{g})^{-i}$ .
2.5 ([1, Theorem 4.2]). $\mathfrak{g}$ reductive Lie , $\mathcal{M}$ $\mathfrak{g}$- .





2.6 ([1, Theorem 5.5]). $\mathfrak{g}$ reductive Lie , $\mathcal{N}$ Wg- ,
$f\cdot\in(S\mathfrak{g}^{*}\otimes(\wedge \mathfrak{g})^{-})_{i\mathfrak{n}v}$ (2) , .
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(a)
$\Psi$ : $\mathcal{N}_{basic}\otimes(\wedge \mathfrak{g}^{*})_{inv}arrow \mathcal{N}_{i_{11V}}$ , $z\otimes\eta\vdasharrow(-1)^{|_{7\prime}||z|}(\overline{e}^{\prime.(j)_{\gamma\iota}},\cdot z)t4^{\cdot}.$
$(\wedge 9)_{inv}$- .
(b)
$\prime r:\mathcal{N}_{inv}arrow \mathcal{N}_{b_{\iota 1}sic}\otimes(\wedge \mathfrak{g}^{*})_{inv}$ , $z\mapsto(P_{hor}\otimes 1)\circ e^{-a}(e^{-\iota^{\vee}(f)}\prime z\otimes 1)$
$(\wedge \mathfrak{g})_{inv}$- . $\alpha=\sum_{j}\iota^{v’}/(c_{j})8c^{j}\in End(\mathcal{N}_{inv}\otimes$
$(\wedge \mathfrak{g}^{*})_{inv})$ .
(c) $\wedge f\circ\Psi$ , $\Psi\circ T$
[1] 2.6 2.5 Koszul .
2.6 Koszul , $g$-





$A$ $j\iota_{b^{r_{11)()I1\uparrow,)([}}}\iota\iota$ DG , $\zeta_{\ovalbox{\tt\small REJECT}}^{\gamma}$ cocomplete $au_{t}1\Gamma n1(\backslash \iota:\uparrow_{I}t^{\backslash },t1$ DG .
$\tau$ : $Carrow.4$ twisting cochain, 1
$d^{A}\circ\tau+\tau\circ d^{C}+\mu^{A}\circ(\tau\otimes\tau)\circ\triangle^{C}=0$ , $–arrow\triangleleft 0\tau 0\epsilon^{C}=0$
. $d^{A},$ $d^{C}$ $A,$ $C$ , $\mu^{A}$ $\Lambda$ , $\triangle^{C}$
$C$ , $\epsilon^{AC}\zeta$. $A,$ $C$ augmentation .
$L$ DG $A$- , $L\otimes C$ $1\otimes\triangle^{C}$ $C$- .
$T$ : $X\otimes X’arrow X’\otimes X$ , $x\otimes x^{1}\mapsto(-1)^{|x||x’|}x’\otimes x$
$d^{L}\otimes 1+1\otimes d^{C}+(\mu^{L}\otimes 1)o(T\otimes 1)\circ(1\otimes\tau\otimes 1)o(1\otimes\triangle^{C})$
. DG $C$- $L\otimes_{\tau}C$ .
ModA DG $A$- , ComcC cocomplete DG $C$-
, $\phi$ : $Larrow L$‘ ModA , $\phi\otimes 1$ : $L\otimes_{\tau}Carrow L’$ \copyright , $C$
Comc $C_{(}’$ .
$?\otimes_{\tau}C$ : Mod $Aarrow ComcC$
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.$M$ cocompletc DG $C$- , $A$- $A\otimes M$
$d^{A}81+1\otimes d^{A’\int}+(l’,A\otimes 1)\circ(1\otimes\tau\otimes 1)\circ(1\otimes T)o(1\otimes\triangle^{1\backslash f})$
, DG $A$- $A\otimes_{\tau}M$ ,
$A\otimes_{\tau}?$ : Comc $Carrow ModA$
.
$(?\otimes_{\tau}C, A\otimes_{\tau}?)$ ([4, Lemme 2.2.1.2] ).
$\tau$ : $Carrow\Lambda$ aoyclic, DG $A$- $\Lambda f$ , adjunc-
tion morphism $A\otimes_{\tau}(M\otimes_{\tau}C)arrow\Lambda/I$ .
Mod.4 weak equivalence , fibration
, Lef\‘evre .
3.1 ([4, Th\’eor\‘em 2.2.2.2]). (a) ComcC weak equivalence
$f$ $A\otimes_{\tau}f$ , cofibration
.
(b) $(?\emptyset_{\mathcal{T}}C, A\otimes_{\tau}?)$ Quillen
$ModA$ , Comc $()$ weak equivalence
Ho(Mod $\Lambda$ )) $Ho(Comc(\urcorner)$ $=\dot{f}\dot{t}f^{1}$: ,
Ho(Mod $A$ ) $\simeq Ho(ComcC)$
.
$A=(S\mathfrak{g}^{*})_{inv},$ $C=(\wedge \mathfrak{g}^{*})_{inv}$ ,
$\tau$ : $(\wedge \mathfrak{g}^{*})_{inv}\cong\wedge \mathcal{P}^{*}arrow \mathcal{P}^{*}arrow S\tilde{\mathcal{P}}^{*}\cong(S\mathfrak{g}^{*})_{inv}$
. $\wedge \mathcal{P}^{*}arrow \mathcal{P}^{*}$ , $\overline{\mathcal{P}}^{5*}$ :=P*\vdash 1] $\mathcal{P}^{*}arrow S\tilde{\mathcal{P}}^{*}$
transgrcssion . $\tau$ acyclic twisting cochain .
$Ho(Mod(S\mathfrak{g}^{*})_{in\backslash },)\simeq Ho(Comc(\wedge \mathfrak{g}^{*})_{inv})$ (3)
. $\tilde{C}_{9}(\mathcal{M})$ $(\mathcal{M})$ .
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4 $\tilde{C}_{g}(\mathcal{M})$ $C_{\mathfrak{g}}(\mathcal{M})$
$\mathfrak{g}$- $W\mathfrak{g}$- $\mathcal{N}$ horizontal projection
$P_{t1\{)\uparrow}.$
$:= \prod_{a}\iota^{\mathcal{N}}(e(l.)y^{a}$ : $Narrow \mathcal{N}_{inv}$
. $S\mathfrak{g}^{*}$ , $L^{\mathcal{N}}(\xi)$ .
$\mathcal{N}_{basi}$ $\otimes(\wedge \mathfrak{g}^{*})_{inv}$ $(\wedge \mathfrak{g}^{*})_{i_{11V}}$ $\Delta$ $1\otimes\triangle$ $(\wedge g^{*})_{inv}$ -
.
$\mathcal{N}_{inv}$
$\mathcal{N}_{inv}arrow \mathcal{N}_{basic}\otimes(\wedge \mathfrak{g}^{*})_{inv}\iotaarrow \mathcal{N}_{basic}\otimes(\wedge \mathfrak{g}^{*})_{inv}\otimes(\wedge g^{*})_{inv}13\trianglearrow \mathcal{N}_{inv}\otimes(\wedge g^{*})_{inv}\Psi\otimes 1$
$(\wedge \mathfrak{g}^{*})_{inv}$- .
26 $\Psi$ , $(\wedge \mathfrak{g}^{*})_{Inv}$-
, weak equivalence $\vee$ .
$C^{i}$
$:=\oplus_{t\leq J}(\wedge^{i}\mathfrak{g}^{*})_{inv}$ , $(Ag^{*})_{inv}$ $C^{0}=F$ exhaustive
filtration
$F=C^{t)}\subset C^{1}\subset\cdots\subset C^{cIi_{11}\mathfrak{g}}=(\wedge \mathfrak{g}^{*})_{inv}$
.
$N_{bae\cdot ic}\otimes(\wedge \mathfrak{g}^{*})_{inv}$ $\wedge^{j}\mathcal{P}$ contraction $0$
$F^{j}$ , $F^{0}=0$ exhaustive filtration
$0=F^{0}\subset F^{1}\subset\cdots\subset F^{di\mathcal{P}+1}n1=N_{basic}\otimes(\wedge \mathfrak{g}^{*})_{inv}$
.
$\mathcal{N}_{inv}$ $(F’)^{0}=0$ exhaustive filtration $\{(F^{J})^{j}\}$ .
2.6 $\Psi,$ $Y$ ltration .
4.1 ([4, Lemme 2.2.2.5]). cocornpiete augmented DG $C$ $C^{0}=F$
exhaustive filtration $\{C^{i}\}$ . 2 cocomplete DG C-
$M,$ $M’$ $F^{0}=0$ exhaustive filtration $\{F^{i}\}$ , $M$
$M’$ ltration weak equivalence .
$\Psi$ weak equivalence . , Mod $(S\mathfrak{g}^{s})_{inv}$
$(S\mathfrak{g}^{*})_{inv}\otimes\Psi$ : $(S\mathfrak{g}^{*})_{inv}\otimes \mathcal{N}_{b\backslash \backslash i\subset}$. $c_{b}^{\lambda}$, $(A\mathfrak{g}^{*})_{inv}arrow(S\mathfrak{g}^{*})_{inv}\otimes N_{inv}$
. $\otimes_{\tau}$ $\otimes$ .
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. $\sim$ $\ddagger t^{r}-g$ acyclic ,
$\sim$ (3) .




[4], [3] , .
$C$ , $C_{c.f}$ fibrant-cofibrant ,
$Ho(C\}\simeq C_{c\int}/homotopy$
. (3)
$Ho(Mod(S\mathfrak{g}^{*})_{inv})$ $\simeq$ $Ho(Comc(\wedge \mathfrak{g}^{*})_{inv})$
$l|$ $l|$
$($ Mod $(S\mathfrak{g}^{*})_{inv})_{c\cdot f}/1_{1}ornc$ )$to$])$y$ $\simeq$ $($ Comc$(\wedge g^{*})_{inv})_{cf}/1_{1}omotopy$
. ,
. (Mod $(S\mathfrak{g}^{*})_{in\backslash r}$ ) $i$.
$($Comc $(\wedge 9^{*})_{inv})_{(!1}$ . .
fibrant-cofibrant ,
.
AIg augmcIltcd DG , Cog (($COIllplc^{1}tc$} augmented DG
, , Ho(Alg) $\simeq$ Ho(Cog) .
$A|g_{\infty}$ augmented $A_{\infty}$- $A$ } $g_{\infty}\simeq Cog_{cf}$ .
,







, $g$- $\mathcal{M}$ Cartan $\tilde{C}_{\mathfrak{g}}(\mathcal{M})$
DG . $A_{\infty}$ -
. .
5 Cartan $A_{\infty}$-
o $\mathcal{M}$ , $\tilde{d}_{g}$
derivation . Alekseev-Meinrenken [1] .
, Alekseev-Meinrenken
$\partial u+\frac{1}{2}[u, u]_{\wedge(\mathfrak{g}\mathfrak{g})}\dot{(}\perp)=\sum_{i}\dot{\oint}\otimes(\triangle(c_{j})-\phi(c_{j}))$
$u\in(S\mathfrak{g}^{*})_{inv}\otimes(\wedge \mathfrak{g}\otimes\wedge \mathfrak{g})_{inv}^{-}$ ([1, Proposition6.1] ).
$garrow \mathfrak{g}\oplus \mathfrak{g},$ $\xi\mapsto(\xi, \xi)$ $\phi$ $:\wedge \mathfrak{g}arrow\wedge(\mathfrak{g}\oplus \mathfrak{g})\cong\wedge \mathfrak{g}\otimes\wedge g$
.
, $\mathcal{M}$ $\mu_{\mathcal{M}}$ : $\mathcal{M}\otimes \mathcal{M}arrow \mathcal{M}$ ,
$(p\otimes y)^{\wedge}$. $(p’\otimes!J’)$ $:=(1\otimes/\iota_{\mathcal{M}})e^{l,(\cdot t\iota)}(pp’\otimes y\otimes!;’)$
.
, 1 $(S\mathfrak{g}^{*})_{inv}$
$H$ : $\overline{C_{g}\prime}(\mathcal{M})$ \copyright $\overline{C}_{g}(\mathcal{M})arrow C_{\mathfrak{g}}(\mathcal{M})$ (4)
$e^{\iota(f)}(xx’)-(e^{\iota(f)}x)\cdot(e^{\iota(f)}x’)=d_{\mathfrak{g}}H(x, x’)+H(\tilde{d}_{\mathfrak{g}}x, x’)+(-1)^{|x|}H(x,\tilde{d}_{\mathfrak{g}}x’)$
.
$\tilde{d}_{\mathfrak{g}}$ derivation . $C$
!
$\tilde{d}_{\mathfrak{g}’\backslash }’-\backslash$ $\tilde{C_{\ovalbox{\tt\small REJECT}_{\mathfrak{g}}}}^{Y}(\mathcal{M})$ $A_{x}$ - .
51. A\infty , $A$ , $n\geq 1$ ,
1
$b_{n}$ : $A[1]^{\otimes\cdot ll}arrow 4[1]$









$b_{2}(x_{1}, x_{2}):=(-1)^{|x_{1}|(|xz|+1)}\prime x_{1}x_{2}$ ,
$b_{3}(x_{1}, x_{2}, x_{3})$ $:=(-1)^{(|x_{1}|+|xz|+1)|x_{3}|\Pi e^{-\iota(f)}H(b_{2}(x_{1},x_{2}).x_{t}\cdot)}Q$}
$+(-1)^{(|x_{1}|+1)(|x_{2}|+|x^{r}s|+1)}\Pi e^{-\iota(f)}H(x_{1}, b_{2}(x_{2}, x_{3}))$
$+(-1)^{|x_{1}|(|x_{2}|+|x_{3}|+1)+|x_{2}||x_{3}|+|x_{3}|}’\cross$
$\Pi e^{-\iota(\int)}\{e^{\iota(f)}\Pi e^{-\iota(f)}H(x_{1}, x_{2})\cdot e^{\iota(f)}x_{3}$
$-(-1)^{|x_{1}|}e^{\iota(f)}x_{1}\cdot e^{\iota(f)}\Pi e^{-\iota(f)}H(x_{2}, x_{3})\}$ .
$b_{4}(\backslash \iota_{1}, x_{2}, x_{3}, x_{4})$ $:=(-1)^{(|x_{1}|+\}x_{2}|+|xs|)|x_{4}|\Pi}e^{-\iota(f)}H(b_{3}(x_{1r}x_{2}.x_{3}\rangle.x_{4})$
$+(-1)^{(|x_{1}|+1)(|x_{2}|+|xs|+|x_{4}|)}\Pi e^{-\iota\langle f)}H(x_{1}.b_{3}(x_{2}, x_{3}, x_{4}))$
$+(-1)^{|x_{1}|(|x_{2}|+|xs|+|x_{4}|)+|x_{2}|(|x_{3}|+|x_{4}|+1)+|x_{3}|(|\tau_{4}|+1)}\cross$
$\Pi e^{-\iota(\int)}\{e^{\iota.(f)}\Pi e^{-\iota(f)}H(x_{1_{:}}.x_{2})\cdot e^{\iota(f)}\Pi e^{-\iota(\int)}H(x_{3:}x_{1})\}$,
$’\iota\geq 5$
$b_{n}(:\tau:_{1}\ldots...\tau_{n})$ $:=(-1)^{(1\cdot|+\cdots+|_{Jn-1}|+1)|\alpha,.|\Pi c^{-\iota(f)}}:L1’.H(b_{n-1} (\tau_{1}, . . . .:r_{n-1})a7,)$
$+(-1)^{(|\tau_{1}|+1)(|_{t:_{2}}|+\cdots+|.\iota:_{n}|+I)}\Pi e^{-\iota(f)}H(:r_{1_{\urcorner}}b_{n-1}(\prime r_{2}\ldots..’\iota_{n}))$,
$n\geq 6$
$b_{n}(x_{1\cdots\cdot\prime}x_{n})$ $:=(-1)^{(|x\downarrow|+\cdots+|x_{n}}1|)|x_{1}|\Pi e^{-(f)}H(b_{n-1}(x_{1\cdots\backslash \prime}x_{n-1}), x_{n})$
$+(-1)^{(|x_{1}|+1)(|x_{2}|+\cdots+c,|)}|i.,\Pi e^{-\iota\langle f)}H(x_{1}, b_{n-1}(x_{2}, \ldots, x_{n}))$ .
$f\in(\iota.S^{\tau}g^{*}\otimes(\wedge \mathfrak{g})^{-})_{inv}$ (2) , $\Pi$ : $C_{\mathfrak{g}}(\mathcal{M})arrow\tilde{C}_{g}(\mathcal{M})$ projec-
tion, $H$ (4), $\overline{C}_{\mathfrak{g}}^{Y}(\mathcal{M})$ .
$n\geq 1$ , (5) .
52. t: $n\geq 1$ $b_{n}$ $(\tilde{C}_{\mathfrak{g}}(\mathcal{M}), \{b_{n}\})$ $A_{\infty}$-
.
5.3. $\Lambda\backslash I$ . Ranz ([1] ), .
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